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(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce low frequency 
noise while sustaining accurate current amplification 
factor by obtaining an emitter region of single crystal 
silicon touching the upper layer of a stack, e.g. silicon of 
an upper encapsulation layer of the stack, directly on a 
window. 

SOLUTION: On a silicon substrate 1, a buried extrinsic 
collector layer 2 doped with n+ by implanting arsenic and 
two buried layers 3 similarly doped with p+ are formed and 
a thick n-type single crystal silicon layer 4 is grown 
epitaxially. Subsequently, an amorphous silicon layer 17 is 
deposited on a semiconductor block thus formed and 
etched above an oxide layer 6 to form a window 1 70 
which is then subjected to desorption. Thereafter, a stack 
8 is formed, a silicon dioxide layer 9 and a silicon nitride 
layer 10 are deposited thereon and then the layers 9, 10 
are removed from a desired zone to obtain an emitter, i.e., 
an emitter window 800. 
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1 . Ti 1 1 1 o I lavtot t o D 

Lcw-ncis* vertical bipolar traMhtcr jnd cc : t e spend i n g fabricalic 
d process 

2. Claims 

1. Process for fabricating a vertical bipolar 
transistor, characterized in that it cotqprisss a step 
of producing an intrinsic collector (4) on an extrinsic 
collector layer (2) buried in a semiconductor substrate 
(1) , a step of producing a lateral isolation region (5) 
surrounding the upper part of the intrinsic collector 
and of producing an offset extrinsic collector well 
(60) , a step of producing an SiGe hetero junction base 
(8) lying above the intrinsic collector and above the 
lateral isolation region/ this step comprising the non- 
selective epitaxial growth of a stack (8) of layers 
comprising at least one SiGe layer (81) , and a step of 
producing an in-situ doped emitter (11) comprising 
epitaxial growth on a predetermined window (800) of the 
surface of the said stack, which window lies above the 
intrinsic collector, so as to obtain , at least above 
the said window, an emitter region formed from single- 
crystal silicon and directly in contact with the upper 
layer (82) of the said stack (8)-. 
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2, Process according to Claim 1, characterized 
in that the step of producing the emitter comprises: 

- a first phase comprising the deposition of a 
silicon dioxide first layer (9) on the eurface of the 
said stack (8), the deposition of a silicon nitride 
second layer (10) on the silicon dioxide first layer 
(9), an operation of etching a zone (100) corresponding 
to the position of the said window (8ofy, in the silicon 
nitride layer (10} , stopping on the silicon dioxide 
first layer (9), a chemical deoxidation of the said 
zone (100) so as to obtain a silicon surface having a 
concentration of oxygen atoms of less than 10 15 per 
cm2 in the said window (80^), and 

- a second phase cotqprising the exposure of the 
semiconductor block obtained at the first phase to a 
gas mixture of silane and of dopants in a non-oxidizing 
controlled atmosphere', 

3- Process according to Claim 2, characterized 
in that, after the second phase, a silicon layer is 

obtained which is of single-crystal form at least above 
the said window and which is etched so as to form an 
emitter (11) comprising an upper region (ill) wider 
than the window (80^, this region bearing on part of 
the silicon nitride layer (10) , and in that isolating 
spacers (120) are formed which are in contact with the 
vertical walls of the upper region wider than the 
emitter . 
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4. Process according to Claim 2, characterized 
in that the said first phase comprises the deposition 
of a thick silicon dioxide third layer (90) on the 
silicon nitride second layer (10) and an operation of 
preliminarily etching a region (900) , corresponding to 
the position of the said zone (100) , in the silicon 
dioxide third layer (90), stopping on the silicon 
nitride second layer (10) , so as to obtain, after the 
first phase, a semiconductor block comprising a cavity 
of the same width as the said window (800) in the stack 
of the three insulating layers, in that, after the 
second phase, the said cavity is filled by the ©aid 
epitaxial growth, in that the silicon dioxide third 
layer (90) is etched on each side of the emitter block 
(110) formed in the cavity and isolating spacers are 
formed which are in contact with the vertical walls of 
the emitter • 

5. Process according to one of Claims 2 to 4, 
characterized in that, in the said second phase, the 
amount of dopant gas is varied so as to obtain a lower 
dopant concentration in the upper part (111) of the 
emitter than in the lower part (110) directly in 
contact with the base. 

6. vertical bipolar transistor, characterized 
in that it comprises an intrinsic collector (4) located 
on an extrinsic collector layer (2) buried in a 
semiconductor substrate, a lateral isolation region (5) 
surrounding the upper part of the intrinsic collector, 
an offset extrinsic collector well (60) , an SiGe 
heteroj unction base (8) lying above the intrinsic 
collector and above the lateral isolation region and 
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formed in a stack of layers comprising at least one 
SiGe layer (81) and a doped emitter (11), which is 
surrounded by the base, comprising, at least above a 
predetermined window (800) in the surface of the said 
stack, said window lying above the intrinsic collector, 
an emitter region formed from single- crystal silicon 
and directly in contact with the upper layer (82) of 
the said stack (8) - 

7. Transistor according to Claim € ( 
characterized in that the said window (800) in the 
surface of the said stack (8) has a concentration of 
oxygen atoms of less than 10 15 per cm 2 , 

8 . Transistor according to Claim 6 or 7 
characterized in that the emitter comprises an upper 
region (111) wider than the window (800) r this region 
bearing on a silicon nitride layer (10) which iteelf is 
supported by a silicon dioxide layer (9) resting on 
part of the base, and in that it comprises isolating 
spacers (20) in contact with the vertical walls of the 
upper region wider than the emitter and bearing on the 
silicon dioxide layer (9) . 

9. Transistor according to Claim € or 7, 
characterized in that the emitter is formed from a 
block (110) of the same width as the window (800), 
which entire block bears directly on the said stack 
(8) r and in that it comprises isolating spacers (120) 
in contact with the vertical walls of the emitter and 
bearing on a silicon dioxide layer (9). 

10. Transistor according to one of Claims 6 to 
9, characterized in that the emitter (11) is doped more 
lightly in its upper part than in its lower part 
directly in contact with the said stack. 



3. Detai led Description c I luuot ioo 
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The invention relates to vertical bipolar 
transistors, especially those intended to be integrated 
in high-frequency very-large-scale-integration (VLSI) 
technologies, and in particular to the characteristics 
and production of the emitters for these transistors . 

In polysil icon -emitter bipolar technologies, 
the emitter results from a deposition of polysilicon 
which can be carried out in a conventional oven and 
followed by a doping operation. As a variant/ the 
emitter may be doped in situ in a chemical vapour 
deposition (CVD) reactor. 

In both cases, an oxide layer is present at the 
emit tor /base interface- This layer limits the hole 
current in the base (injected electrons continue to 
flow due to the tunnel effect) . This helps to obtain a 
sufficient current gain (I c /Ib) - 

However, these polysilicon-emitter transistors 
have certain drawbacks. First of all, they exhibit low- 
frequency noise and this results in low- frequency 
fluctuations in the transistor current. This is even 
more troublesome in the case of radio frequency circuits 
incorporating such transistors and with the aid of 
which it is desired to separate two close carriers, or 
else in the case of oscillators. 

Moreover, the dimensional characteristics of 
the oxide layer at the base/polysilieon-emitter 
interface have an influence on the static parameters of 
the transistor, especially its gain. However, it is 
particularly difficult to guarantee identical 
characteristics for oxide interfaces of all the 
transistors of several batches, this being especially 
so when the surface of the emitters varies. 
Consequently, it is particularly difficult to obtain 
uniform characteristics in all the transistors 
produced, whatever the surface of their emitter. 
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The invention aims to provide a solution to 
these problems. 

One object of the invention is to reduce the 
low- frequency noise while still retaining acceptable 
static parameters, and especially a correct current 
gain. 

Another object of the invention is to allow 
better uniformity of the characteristics of the 
transistors to be obtained, whatever the surface of 
their emitter, 

A further object of the invention is to provide 
a bipolar transiBtor in which the doping of the emitter 
allows both a high electron injection efficiency and 
good siliciding of the upper surface of the emitter. 

The invention therefore provides a process for 
fabricating a vertical bipolar transistor, comprising a 
step of producing an intrinsic collector, for example 
by epitaxial growth or implantation, on an extrinsic 
collector layer buried in a semiconductor substrate, a 
step of producing a lateral isolation region 
surrounding the upper part of the intrinsic collector 
and of producing an offset extrinsic collector well, a 
step of producing an SiGe (Silicon-Germanium) 
hetero junction base lying above the intrinsic collector 
and above the lateral isolation region, this step 
comprising the non- selective epitaxial growth of a 
stack of layers comprising at least one SiGe layer, for 
example an SiGe layer encapsulated by two silicon 
layers or else an SiGe layer on top of a silicon layer, 
and a step of producing an in- situ doped emitter 
comprising epitaxial growth on a predetermined window 
of the surface of the said stack ("emitter window" ), 
which window lies above the intrinsic collector, so as 
to obtain, at least above the said window, an emitter 
region formed from single-crystal silicon and directly 
in contact with the upper layer of the stack, for 
example the silicon of the upper encapsulation layer of 
the said stack. 
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In other words, the invention provides a way of 
producing an epitaxially grown single-crystal emitter 
directly on the "base" (this word is misused as in fact 
the emitter/base junction defining the upper part of 
the intrinsic base lies in the upper encapsulation 
layer) so as to get round the problem of the presence 
of an interfacial oxide layer. Consequently, the 
single -crystal emitter grown epitaxially, which means 
that there is no interfacial oxide , results in better 
uniformity of the characteristics of the transistors, 
whatever the surface of the emitters* 

Moreover, it has been observed that such 
transistors with an emitter which is grown epitaxially 
directly on the base, and consequently which gets round 
the problem of interfacial oxide, exhibited appreciably 
reduced low-frequency noise. Furthermore/ the presence 
of a silicon-germanium heteroj unction base makes it 
possible , in combination with an emitter grown 
epitaxially directly on the base, to compensate to an 
acceptable extent for the loss of gain caused by the 
disappearance of the interfacial oxide layer. 

Finally, the fact of using an operation of in- 
situ doping of the emitter, in combination with a 
s ingle -crystal emitter, makes it possible, when 
producing the emitter, to gradually vary the amount of 
dopant while the emitter is being grown. This makes it 
possible, as will be seen in detail below in one 
particularly advantageous method of implementation, to 
obtain a higher dopant concentration in the bottom ' of 
the emitter than in the top of the emitter. This 
advantage is not possible with a polycrystalline 
emitter since the dopant is naturally distributed 
within the polysilicon because of the presence of the 
grain boundaries. 

According to one method of implementing the 
invention, the step of producing the emitter comprises: 

- a first phase comprising the deposition of a 
silicon dioxide first layer on the surface of the said 
stack, the deposition of a silicon nitride second layer 
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on the ail icon dioxide first layer, an operation of 
etching a zone corresponding to the position of the 
emitter window, in the silicon nitride layer, stopping 
on the silicon dioxide first layer, then a chemical 
deoxidation of the said zone so as to obtain a silicon 
surface having a concentration of oxygen atoms of less 
than 10l5/ cm 2 i n the said window; and 

- a second phase comprising the exposure of the 
semiconductor block obtained at the first phase to a 
gas mixture of silane and of dopants in a non-oxidizing 
controlled atmosphere, for example under vacuum, in an 
ultraclean CVD reactor well known to those skilled in 
the art. 

Thus, the invention allows the use of 
conventional polysilicon deposition conditions in an 
ultraclean CVD reactor. However, the silicon grows in 
single -crystal form on the base because of the 
chemically clean character of the window in the base. 

According to a first variant of the invention, 
after the second phase, a silicon layer is obtained 
which is of single-crystal form at least above the said 
window and which is etched so as to form an emitter 
comprising an upper region wider than the window, this 
region bearing on part of the silicon nitride layer. 
Isolating spacers are then formed which are in contact 
with the vertical walls of the upper region wider than 
the emitter. 

According to another variant of the invention, 
the said first phase comprises the deposition of a 
thick silicon dioxide third layer on the silicon 
nitride second layer and an operation of preliminarily 
etching a region, corresponding to the position of the 
said zone and consequently of the emitter window, in 
the silicon dioxide third layer, stopping on the 
silicon nitride second layer, so as to obtain, after 
the first phase, a semiconductor block comprising a 
cavity, of the same width as the said window, in the 
stack of the three insulating layers. After the second 
phase, that is to say after epitaxial growth of the 
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emitter, the said cavity is filled by the said 
epitaxial growth, the silicon dioxide third layer is 
etched on each side of the emitter block formed in the 
cavity and isolating spacers are formed which are in 
contact with the vertical walls of the emitter. 

In other words, according to this variant of 
the invention, a shorter distance is obtained between 
the edge of the emitter and the implanted 2one of 
extrinsic base, thereby helping to further reduce the 
base resistance as well as the base-collector 
capacitance. Furthermore, this shorter distance is 
controlled by a single photolithography level. 

According to one method of implementing the 
invention, which may, moreover, apply to either of the 
variants that have just been explained, the amount of 
dopant gas in the second phase id varied so as to 
obtain a lower dopant concentration in the upper part 
of the emitter than in the lower part directly in 
contact with the base. This makes it possible to obtain 
both a high electron injection efficiency and good 
siliciding of the upper part of the emitter. 

The eubjecx of the invention is also a vertical 
bipolar transistor, comprising an intrinsic collector 
located on an extrinsic collector layer buried in a 
semiconductor substrate, a lateral isolation region 
surrounding the upper part of the intrinsic collector, 
an offset extrinsic collector well, an SiGe 
hetero junction base lying above the intrinsic collector 
and above the lateral isolation region and formed in a 
stack of layers comprising at least one SiGe layer, for 
example an SiGe layer encapsulated by two silicon 
layers, and a doped emitter, which is surrounded by the 
extrinsic base, comprising, at least above a 
predetermined window in the surface of the said stack, 
said window lying above the intrinsic collector, an 
emitter region formed from single- crystal silicon and 
directly in contact with the upper layer of the stack, 
for example the silicon of the upper encapsulation 
layer of the said stack. 
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The said window in the surface of the said 
stack advantageously has a concentration of oxygen 
atoms of lees than 10l5/cm2. 

According to a first embodiment of the 
invention, the emitter comprises an upper region wider 
than the window and bearing on a silicon nitride layer 
which itself is supported by a silicon dioxide layer 
resting on part of the base. Moreover/ the emitter 
comprises isolating spacers in contact with the 
vertical walls of the upper region wider than the 
emitter and bearing on the silicon dioxide layer. 

According to another embodiment of the 
invention, the emitter is formed from a block of the 
same width as the window, which entire block bears 
directly on the said stack. It comprises isolating 
spacers in contact with the vertical walls of the 
emitter and bearing on a silicon dioxide layer. 

According to another embodiment of the 
invention, the emitter is doped more lightly in its 
upper part than in its lower part directly in contact 
with the base. 

Further advantages and characteristics of the 
invention will appear on reading the detailed 
description of methods of implementation and of 
embodiments, these being entirely non- limiting, and on 
examining the appended drawings. 

In Figure 1, the reference 1 denotes a silicon 
substrate, for example a p-type silicon substrate, on 
the surface of which a buried extrinsic collector layer 
2, doped n+ by arsenic implantation, is produced in a 
conventional manner known per se. 
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Likewise, two buried layers 3/ doped p+ by 
boron implantation, produced in a conventional manner 
on each side of the extrinsic collector 2. 

A thick n-cype single-crystal silicon layer 4 
is grown epitaxially, in a manner know per se, on the 
substrate l thus formed, this layer 4 typically having 
a thickness o£ about 1 micron. 

Next, a lateral isolating region 5 is produced 
in this layer 4, in a manner known per se, either by a 
local oxidation {or LOCOS) process or of the shallow- 
trench type. For the sake of simplification, Figure 1 
shows a lateral isolation region 5 of the shallow- 
trench type. 

An n+-doped collector well 60 contacting the 
buried layer 2 is also conventionally produced, 
especially by phosphorous implantation. 

Next, boron implantation steps are carried out 
so as to produce p-doped wells 7 under the lateral 
isolation region S, allowing the bipolar transistor 
described here to be isolated from the adjacent 
transistors. 

Next, a thermal oxide, typically silicon 
dioxide, is grown, conventionally, on the surface of 
the epitaxially grown single -crystal intrinsic 
collector 4. This silicon dioxide growth takes place 
also over the entire wafer, and especially on the 
collector well 60. This oxide also forms the gate oxide 
for complementary isolated-gate field-effect 
transistors (CMOS transistors) produced in conjunction 
with the bipolar transistor on the same wafer (BiCMOS 
(Bipolar CMOS) technology). 

Next, an amorphous silicon layer 17 having a 
thickness of about 500 A is deposited on the 
semiconductor block thus formed. 

Next, a window 170, called the "base window", 
is etched by plasma etching, stopping on the oxide 
layer 6. If lateral isolation of the shallow-trench 
type is used, the two parts of the etched silicon layer 
17 slightly overhang above the intrinsic collector 4. 
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If lateral isolation of the LOCOS-type is used, the 
etching window 170 may be wider than the intrinsic 
collector 4. 

Next (Figure 2), the oxide layer G lying above 
the collector undergoes chemical deoxidation. It should 
be noted here that one of the functions of the 
amorphous silicon layer 17 is to protect the rest of 
the wafer during this chemical deoxidation and 
especially the lateral isolation zones when these are 
produced by shallow trenches. 

Next, after the base window has undergone a 
desorption treatment in hydrogen at a temperature above 
60Q°C, a stack 8 of three layers 80,81 and 82, within 
which the future base of the transistor will be 
produced, is grown epitaxially* More specifically, an 
undoped silicon first layer SO is grown epitaxially to 
a depth of a few tens of nanometers. Next, the second 
layer 81, formed from silicon-germanium, is grown 
epitaxially. This layer is in fact composed of a first 
sublayer of Sii-xG®x# here x is constant and lies 
between 0.1 and 0.2, on top of which is a second 
sublayer also formed from an Sii- x Gex alloy (where x, 
for example, decreases right to 0) and p-doped by 
boron. The total thickness of the layer 81, typically 
from 20 to 100 nm, is not of great importance. 

Next, the second sublayer of the layer 81 is 
covered by an epitaxially grown layer 82 of silicon p- 
doped by boron, this layer 82 having a thickness of a 
few tens of nanometers. 

After this epitaxy, typically carried out at 
700 °c in an ultraclean CVD reactor, a stack of layers 
is therefore obtained, these layers being single- 
crystal layers on the intrinsic collector in the base 
window and polycryetalline layers above the amorphous 
silicon layers 17. This multilayer stack will allow a 
eil icon- germanium heteroj unction base to be formed. It 
should be noted here that the epitaxy for producing the 
heteroj unction base is non-selective epitaxy. 
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Moreover , the presence of the amorphous silicon 
lay«r 17 makes it possible to have, at the start of 
epitaxy, a surface essentially formed from silicon, 
thereby making it possible to obtain a growth rate 
which is approximately the same on the intrinsic 
collector and on the amorphous silicon, resulting in 
greater thickness uniformity of the base. 

Next, a silicon dioxide first layer 81 having a 
thickness of about 200 A is deposited on the layer 81. 
Also deposited on the silicon dioxide first layer 9 is 
a silicon nitride (5i3N4> second layer 10 having a 
thickness of 300 A. 

Next (Figure 3), a zone 1Q0 is defined, using a 
mask, in the nitride layer 10 corresponding to an 
emitter window lying above the intrinsic collector 4. 
Then, using a resin layer corresponding to the said 
mask, the nitride layer 10 is conventionally plasma- 
etched, stopping on the silicon dioxide layer 9, so as 
to expose the zone 100. Next, the operation of 
implanting phosphorous through the base is carried out, 
while retaining the resin which is present on the layer 
10 and has served for etching the latter. An operation 
of selectively overdoping the collector (to form a 
selective implantation collector) below the emitter 
window may be carried out in one or more implantation 
steps, thus helping to increase the speed of the 
transistor by reducing the collector resistance. An 
overdoped SIC zone below the emitter window is 
therefore obtained. 

After this step, the resin present on the 
silicon nitride layer 10 is removed and a chemical 
deoxidation treatment is carried out so as to remove 
the part of the silicon dioxide layer 9 which lies in 
the zone 100 and thus to produce the emitter window 800 
(Figure 4) , 

An example of such a chemical deoxidation 
treatment consists in using an acid bath based on an 
approximately Xk dilute hydrofluoric acid for 1 minute. 
This makes it possible to obtain a chemically clean 
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6 ingle- crystal silicon surface/ i.e. a surface whose 
concentration of oxygen atoms is less than 10l5/ C m2. 
Moreover, such a chemical deoxidation step does not 
degrade the underlying single-crystal silicon surface 
(unlike plasma etching, for example) and consequently 
does not introduce crystal defects. 

In order to further improve the surface state 
of the silicon, it is advantageous to carry out a high- 
temperature (> 550°C) deeorption treatment in hydrogen 
so as to remove residual impurities adsorbed on the 
surface of the silicon during the deoxidation. 

Next, the emitter of the transistor is produced 
in an ultraclean CVD reactor, for example the reactor 
sold by the conqoany Applied Materials under the 
reference Centura HTF. 

More specifically, the semiconductor block with 
the exposed base at the emitter window 800 is exposed 
to a silane/arsine gas mixture in a non-oxidizing 
atniosphere, typically a vacuum, or in hydrogen. 

The CVD conditions are, for example, a hydrogen 
flow rate of 10 litres/minute, a silane flow rate of 
0.5 litree/rainute and an arsine flow rate of 
0.12 cm3 /minute at 630°C and at a pressure of 80 torr. 

Those skilled in the art will have noted that 
these conditions correspond in fact to polysilicon 
deposition. However, because of the chemically clean 
character of the single-crystal surface of the exposed 
base at the window 800 , the silicon deposited in this 
reactor grows epitaxially, i.e. it forms a single- 
crystal layer on the base. 

After having obtained a silicon layer with a 
thickness of about 2500 A, the silicon layer is 
conventionally etched, using a new photolithography 
mask and a corresponding resin block, so as to obtain 
(Figure 4) an emitter 11 having, in the window 80, a 
lower part 110 on which there is an upper part 111 
wider than the emitter window, the distance between the 
edge of the emitter window and the edge of the region 
111 being typically about 0.2 jzm. This emitter was 
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therefore doped in situ and is of single-crystal form 
at least near the interface with the base in the 
emitter window. In practice, it was observed that it 
was of single-crystal form near the interface and 
polycryatalline above the nitride, and had a preferred 
orientation in the upper epitaxially grown part, above 
the window. 

Next, a silicon nitride layer is deposited and 
etched so as to obtain spacers 120 which include the 
silicon nitride layer 10 and bear on the vertical walls 
of the upper region 111 of the emitter and on the 
silicon dioxide layer 9 (Figure 5) • 

Next / the geometry of the base of the 
transistor is then defined, using a new mask, and then, 
after the oxide layer 9 has been pre -etched, the stack 
of the layers 17 and 8 is etched so as to obtain the 
configuration illustrated in Figure 5, 

Next, deposited on each side of the base, is a 
block of resin, as well as a vignette of resin above 
the emitter, and then the stack 8 undergoes p+ 
implantations using boron go as to define the extrinsic 
base fie (Figure 6) . Next, after the transistor has been 
protected by resin, an arsenic implantation operation 
is carried out so as to produce an n+- implanted zone, 
labelled 600, on the surface of the collector well. 

The final step consists in producing the base, 
emitter and collector connection pads S using a known 
technique of the » self- aligned eilicide 11 type, which 
comprises depositing a layer of metal, (for example 
titanium) in order to form a silicide (TiSi^) on the 
silicon areas of the extrinsic base, the emitter and 
the extrinsic collector. 

The transistor according to the invention, as 
illustrated in figure 6 is therefore an n-p-n vertical 
bipolar transistor with a silicon-germanium 
heterojunction base which can be used in a VLSI-type 
BiCMOS technology, it has a single -crystal emitter 
directly in contact with the silicon of the upper 
encapsulation layer (82) « However, especially because 
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of the dopant diffusions and the various conventional 
heat treatments, the emitter/base junction lies within 
the layer B2. The low-frequency noise of the transistor 
is reduced, while its static parameters, especially the 
current gain, remain good. Furthermore, the transistor 
has a lower emitter resistance compared with 
transistors which have a polycrystalline emitter, 

In the embodiment which has just been 
described, the distance between the edge of the window 
fiOO and the edge of the upper region of the emitter 
depends on the alignment of the photolithography mask 
used for etching the upper region of the emitter with 
respect to the photolithography mask used for etching 
the emitter window proper. This makes the fabrication 
of the transistor slightly more difficult. 

The embodiment illustrated in Figures 7 to 11 
makes it possible to get round this problem since, as 
illustrated in Figure 7, a thick silicon dioxide third 
layer 90 (typically having a thickness of 2000 A) is 
deposited on the silicon nitride layer 10. Next 
(Figure 8) , a region 900 corresponding to the position 
of the zone 100 of the layer 10 (Figure 3), and 
consequently the position of the emitter window 800 , is 
conventionally plasma-etched in the thick layer 90, 
stopping on the silicon nitride second layer 10. The 
etching of the emitter window continues in a similar 
way to that described in the previous method of 
implementation. Likewise, the implantation of the SIC 
zone is similar to that described above. 

Next, silicon is deposited r in a similar way to 
that described above, under polysilicon deposition 
conditions causing re -epitaxial growth of the silicon 
on the base in the cavity made within the stack of 
successive layers of silicon dioxide 9, silicon nitride 
10 and silicon dioxide 90. 

Next, the silicon extending beyond the cavity 
is removed, for example by mechanical -chemical 
polishing, or else by full-wafer etching, stopping on 
the oxide layer 90, and then (Figure 9) the layer 90 is 
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plasma -etched on each side of the epitaxially grown 
single -crystal silicon, stopping on the silicon nitride 
layer 10, so as to obtain an emitter formed as a single 
block 110 with the same width as the emitter window. 

The next steps of this method of 
implement at ion , and especially the formation of the 
spacers 120, are similar to those described above. 

Consequently, a short distance is obtained 
between the edge of the emitter and the edge of the 
spacers 120, this distance no longer being controlled 
by a photolithography operation. 

Apart from the technological simplification, a 
lower base resistance and a lower base -collector 
capacitance are ■ obtained in the case of the transistor 
illustrated in Figure 11. 

Finally, in either of the two embodiments which 
have just been described, it is particularly 
advantageous when producing the in-situ doped emitter 
to gradually vary the amount of dopant gas while the 
emitter is being epitaxially grown. Thus, at the start 
of the epitaxy, the abovementioned arsine flow rate 
(0.12 ctn3 /minute) will, for example, be maintained 
while, in the upper region of the emitter, this flow 
rate will be reduced until it reaches, for example, the 
value of 0.6 cm3 /minute. Finally, in the case of the 
in-situ doped emitter, an As dopant concentration of, 
for example, 3 * 1020/ctn3 in the lower region of the 
emitter in contact with the base and an As dopant 
concentration of, for exanple, lO^O/citv* in t * ie upper 
region of the emitter will therefore be obtained. These 
values therefore make it possible to achieve both good 
electron injection in the lower part of the emitter and 
good siliciding above the upper part of the emitter. 



4. Brief 
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- Figures 1 to 6 diagrammatical ly illustrate a 
first method of implementing the process according to 
the invention, resulting in a first: embodiment of a 
bipolar transistor according to the invention, and 

- Figures 7 to 11 diagrammatically illustrate a 
second method of implementing the process according to 
the invention, resulting in a second embodiment of a 
bipolar transistor according to the invention. 




FIG.3 
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FIG.9 
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The intrinsic collector (4) is grown 
epitaxially on an extrinaic collector layer (2) buried 
in a semiconductor substrate CI) . A lateral isolation 
region (5) surrounds the upper part of the intrinsic 
collector and an offset extrinsic collector well (60) 
is produced. An SiGe he tero junction base (8) lying 
above the intrinsic collector and above the lateral 
isolation region is produced by non- selective epitaxy, 
and an in-situ doped emitter (11) is produced by 
epitaxy on a predetermined window (60) in the surface 
of the base which lies above the intrinsic collector so 
as to obtain, at least above the said window, an 
emitter region formed from single- crystal silicon and 
directly in contact with the silicon of the base. 



2. Representative 
Figure * 
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